Introduction
We know that farm operators manage their resources in a dynamic way, responding to the conditions in which they work. Those conditions include personal attributes such as age and family, market prices for the supplies they use and the commodities they produce, characteristics of the communities they live in, and the environmental context, including short-and long-term environmental suitability for the commodities they plan to produce. We describe this process as dynamic because there is good evidence to suggest that farmers adjust their plans and activities as all of these conditions change, and they do so in ways that adapt --as best they can --to their complexity.
The role of household and family has been one of the most difficult parts of this process to understand in its historical context because researchers have rarely had closely coupled data that allow them to see how changes in family determine changes in farm operation, and vice versa, over time. Without simultaneously knowing the size and structure of the farm household and the farmer's choice of crops, for example, it is difficult to study the dynamic choices that the farmer might make, and without the ability to study those choices, the impact of structural factors such as the farmer's age become difficult to understand. The role of family is difficult to measure, but it is absolutely crucial for evaluating theories of how agriculture and family interoperate, and therefore extremely valuable to understand. This paper is an attempt to shed light on the dynamic processes that connected family and farm in the western United States during the second half of the nineteenth century and the first half of the twentieth century. It makes use of unique data that link families and farms in 25 representative townships in the state of Kansas for the years from 1875 to 1930. In doing so we validate elements of basic theory about families and agriculture by showing that farm size and the decisions farmers make about how much of their land to devote to crops are correlated to the age of farmers and to the number, age, sex, and relationship of other persons who live in the household. What we show, in short, is that the size of farms and the amount of cropland is a function of farmer's age, the size of the household, and of the presence of males in the household above the age of 18, whether they are the head's own male children or not. The presence of younger males and of females of any age are much less important. All this takes into account time periods, environmental context, and locality reflected in a multi-level statistical approach that includes significant random effects for townships.
Theoretical background.
Although there are many ways to describe the processes by which households form and change, and the relationship of that development to economic activity such as agriculture, the concept of a family economy (following Chayanov 1966 ) and a household lifecycle (following Hareven 2000) are frequently used as starting points, and have been particularly useful in studying population, agriculture, and environment (de Sherbinin et al. 2007 ). It is not always explicit about this, but household lifecycle theory brings together the roles of household resource accumulation and distribution, household labor, and household consumption into a single process where the age, sex, and life stage of each individual family member contributes to how resources are obtained, kept, and consumed at any moment in time. What it says --and what we will discuss in this paper --is that farm couples accumulate resources as they age and as a way to provide for their family in both the shorter and longer term. Part of this is the accumulation of their labor and that of others and part of it is a result of their learning how to maximize the productivity of their land. The ability to make use of their resources (often agricultural capital in land, tools, or livestock) is also a function of the labor available to them, either through family members or others. Finally, their ability to maintain their resources and accomplish their goals as a family and a farm enterprise is a function of the short-term consumption needs of their family (specified by age and sex), by the couple's need to provide for themselves as they reach old age, and by their desire to pass their property on to one or more heirs. All this takes place in the context of environment, locality, time period, and markets.
The relationship of household lifecycles to farm size, practice, and division, and to changes in land use and farming practices has received a great deal of attention in the past 20 years, particularly in the developing world (Barbieri, Bilsborrow, and Pan 2005; Fox et al. 2003; VanWey, D'Antona, and Brondizio 2007; Perz, Aramburú, and Bremner 2005; Perz, Walker, and Caldas 2006; Entwisle et al. 2005; Foster and Rosenzweig 2002; Moran, Brondizio, and VanWey 2005; de Sherbinin et al. 2007; Walker et al. 2002; Walsh et al. 2005) . This literature provides a set of hypotheses based on a behavioral model that says that farm couples accumulate property over the course of their marriage, and that they try to use their children's labor to benefit the family enterprise. Therefore farmers increase land holdings over their life course as they age, and over the household life cycle as their families grow and children become old enough to work. Farmers increase labor-intensive activities when labor is available Walker and colleagues found in their study of Uruará, Brazil, that falling household dependency and the number of workers predicted farm practice in terms of mix and specialization. Perz and colleagues (Perz, Aramburú, and Bremner 2005) compared studies across the Amazon Basin and found the number of adults and children to have the predicted associations with land allocation between extensive and intensive uses (Perz, Walker, and Caldas 2006) . Other groups found the expected associations between extensive, long-horizon land-use choices and the number of males , while still others have found a role for young women (Flora and Stitz 1988; VanWey, D'Antona, and Brondizio 2007) . On the other hand, a substantial number of studies do not support the hypotheses. In a review of the literature on the Amazon, Walker and colleagues (Walker et al. 2002) found that household size and head's age generally did not have significant effects on land use and land-use change (see Table 2 , pp.179-82) . This may be a measurement problem in which the analyses use the age of the operator or time since settlement to indicate the stage of the household lifecycle, confusing potentially different mechanisms of property lifecycle, agricultural learning, and difference in the timing and pace of family formation (de Sherbinin et al. 2007 ).
Our approach attempts to understand the relationship between family and farm in environmental context while solving some of the problems that earlier research has encountered. Because so many studies have used simplified proxies for family attributes rather than detailed family information (and therefore produced ambiguous results), we are specifically interested in separating key elements in the household lifecycle by including in our analysis the age of the head, the number of individuals in the household, and their distribution by age and sex. Another important element in our analysis is the ability to follow families over a long time horizon (up to eleven points in time), which is significantly more than the two or three times that many other studies have been able to observe. We recognize that even with these refined data we cannot explain everything that happens, but we believe that our analysis is a significant advance.
The theory we have just described is relatively simple, as Figure 1 shows in a stylized way by representing the relationship between farmer age, farm size, and amount of cropland. As a farmer approaches the middle of his adult life, his family is growing, and he increases his farm holdings (Panel A). As he and his children age, he either transfers control to his successor or sells his land to support his retirement or other family needs, and his holdings shrink. At the same time, his use of the land changes as his labor pool develops. Crop acreages are also increased, but not until a bit later in life (Panel B), and control over these labor-intensive acres will be transferred earlier and more completely over the older generation's lifetime. Testing these simple theories requires rich data, which we have developed in our work on Kansas.
Data, Context, and Methods
The data we use in this paper are drawn from a larger database of linked individual-level census records for 1860 through 1940 of the population and farms of 25 Kansas townships in 25 different counties (Sylvester et al. 2002 (Sylvester et al. , publ. 2006 . These counties were chosen because they represent the full variety of environmental regime, location, and time of settlement within the state. We chose Kansas for this project because within the broad central portion of the United States it has uniquely rich data about population and agriculture that were collected by both the federal and state governments. Our approach links individual-level records cross-sectionally (population to agricultural censuses) and longitudinally (one time period to the next) from state and federal population and agricultural censuses. The data are available every five years from 1860 to 1940 except for 1890 (no records available), 1900, and 1910 (no agricultural records) . In this paper we use data for every ten years from 1875 to 1925, plus 1920 and 1930 , because data for those years are directly comparable. There are 15,967 observations of 9,686 farming households.
We demonstrate the value of these data and their usefulness for understanding the theoretical questions we introduced earlier by looking at the Sparks family of Logan Township in Rooks County, which is located in north-central Kansas (see figure 3 ).
Joseph Sparks was born in Indiana, raised and married in Illinois, and arrived in central Kansas when he was 29 with his wife and four children (two sons and two daughters) just before the 1880 census was taken. Between 1880 and 1895 he and his wife had five more children, reaching a total of nine. Five of his children were sons, and four were daughters.
The agricultural data reveal his history as a wheat farmer. As Joseph approached middle age he increased his farm acres from a half-section (320 acres) to nearly a full section, culminating at 617 acres in 1895 when he was 44 years old (shaded area, top We have similar information for thousands of Kansas households, telling us who lived in the household, how they used their land, and how household land use changed across time and varied across the landscape. It is important to understand the environmental dimension because these characteristics determine the types of agricultural activity that can be successfully undertaken (Sherow 2007; Burke et al. 1998; Bradford et al. 2006; Malin and Swierenga 1984; Miner 2006) . Kansas becomes higher and drier as one moves east to west, gaining some 2000 feet in elevation and losing about 15 inches in annual rainfall. In addition, the land surface is cut by sharp gulleys in different portions of the state, rendering some land unsuitable for cropping.
James Malin (1947 Malin ( , 1955 In its simplest form, our three-level individual growth model may be written as: These variance components are useful in that they allow us to calculate (1) the total variance potentially to be explained at each level of the model, (2) the proportion of variance explained at level-1 (the trajectory of change in the outcome) after addition of a level-2 (household-level) attribute, and (3) incremental variance explained by additional household-level attributes (Raudenbush and Bryk 2002) . In order to clearly see how the total variance is allocated, it is instructive to write equation 1 in reduced form by substituting expressions from line 5 into line 3, from line 4 into line 2, and then ultimately into line 1:
Equation 2 illustrates how the random variability in the coefficients yields two components in the -mixed‖ model. One is constant, and corresponds to the mean intercept and slope across all households and townships. The other is random and is incorporated into the regression error structure. It combines the cross-sectional variability in the intercept (through r 0jk and u 00k ), the cross-sectional variability in the age-dependent trajectory (through r 1jk ), and an individual and age-specific random element (in We first fit baseline models with no covariates, and then elaborate the models first with head's age and the square of head's age to establish the basic trajectory over the life course and then with calendar year and Malin zone to adjust for the effects of time and location on the age trajectory of land use change. We next included household composition characteristics to examine alterations to land use trajectories due to labor availability within the household. Finally, interactions between labor and the other fixed effects were entered into the model to look for pattern shifts. Model fit was improved in each case with the exception of adding the land-use zones. Local effects captured in the model by including the township level incorporate much of the variation expressed in these zones. The core models that we discuss are presented in Tables 2 and 3 .
Results
In all specifications of our models explaining farm size and acres in crops the non-linear relationship between head's age and land use was as predicted by lifecycle Table 2 ). Cropped acres were significantly higher in the two western zones, also as expected (third panel of Table 3 ).
The effect of ecological zone on acres in crops was virtually unaffected by household composition effects.
Larger households had larger farms and more acres in crops in the multivariate regression, just as theory would lead us to expect. Each additional household member who were not sons of the head were associated with larger farms than were sons in their 20s. The magnitude of the effect was larger with age for sons (although not statistically different), but not for other men. Men of all ages were also associated with more acres in crops, as were teenaged boys. Men who were not sons showed a stronger association with increased cropped acres only in their late 20s. As with farm size, the magnitude was larger with age for sons (although these differences were not statistically significant). Accounting for household labor shifts some of the explanatory power away from head's age, while maintaining the direction and strength of that effect.
Models with interactions between main effects were estimated with some improvement in the overall fit but with no clear patterns of interaction between time, location and age that would contribute to a coherent explanation.
In our baseline farm size model with no fixed effects (not reported) 62% of the total variation in farm size can potentially be explained by aspects related to the life course of household heads, 22% to characteristics of households, and 16% to location/township. The partition of variance in the baseline model for acres in crops is somewhat different, with less allocated to the life course of household heads (44%), and somewhat more to level-2 and level-3 characteristics (29 and 27%, respectively). Aging of the household head introduces the fourth variance component and affects the partitioning of variance once head's age is included in the models (see equation 3).
With increasing age, for both outcomes the proportion of variance that may be explained shifts from head's lifecycle (level 1) and township characteristics (level 3) to the variability of households in change (level 2 slope), across all models. In the cropland models, this age pattern is more accelerated with the addition of Malin zones (Model 3) and again when the household labor components are added (Model 4).
Nevertheless, variation associated with head's lifecycle continues to account for the vast majority of the variance in the farm land models, and the proportion increases so that in Models 3 and 4, the proportion of variance attributable to level 1 is 88 percent at initial observation and still nearly 80 percent 30 years later. Variation at level 1 accounted for a smaller proportion of variance in the cropland models than in the farmland models, but also increased across the models to about 70% of the variation in Models 3 and 4 at initial observation and about 60% after 30 years. The proportion of variance explained at level 1 after addition of household composition characteristics was 15% higher than at the baseline model for crops and 4% higher for farmland. 
Discussion and conclusions
Our goal has been to use our unique data about Kansas to test a core set of theories about agricultural families in the era before modern mechanized farming. 
